Cardiac fluoroscopy to detect coronary calcification was performed on 360 patients before undergoing coronary arteriography for proven or suspected coronary artery disease. Among the 154 patients in whom coronary calcification was identified, 97% had significant coronary disease angiographically (.70% stenosis).
series which correlate the results obtained at cardiac fluoroscopy with the findings at coronary angiography.
The present study indicates that detection of cor--onary calcification by the noninvasive technique of cardiac fluoroscopy in a largely symptomatic population identifies severe coronary artery disease in 97% of patients, most of whom have three vessel disease.
Methods
The population studied is composed of 360 consecutive patients undergoing routine fluoroscopy prior to cardiac catheterization and coronary cineangiography. All patients were studied between September 1969, and November 1972, because of suspected or proven coronary artery disease, and many were undergoing evaluation for coronary vein bypass surgery.
Cardiac fluoroscopy was performed within five days prior to cineangiography, image intensification was routinely Circulation, Voluzme XLIX, Jtune 19,14 used, and at times, videotape recordings were made for further analysis. Most of the patients were studied in both erect and recumbent positions in at least four different views. The average examining time was 3.5 min. All studies vere performed by one fluoroscopist (J.C.) without knowledge of the patient's clinical status.
Technique of Fluoroscopy
The advent of image intensification has made modern fluoroscopy the most powerful tool for the diagnosis of coronary artery calcifications. It is the recorded motion of small densities that makes their visualization possible. However 2. Technical factors crucial for visualization of small densities include proper selection of mA, kV, and shutter opening. Unnecessarily high kV tends to reduce the contrast and details of the images, and excessive mA tends to blur off a small image into a globe of fluffy lights. All patients included in this study were examined using a General Electric X-ray generator with a six inch Vidicon image intensifier tube and a Sony television monitor. The tube gain was at least 5,000. The mA varied between 1.5 and 3.5 and the kV between 70 and 110 depending on the size of the patient. The X-ray unit was also equipped with an automatic brightness control which maintained optimal kV utilizing a photoelectric cell at the level of the output phosphor. Additional clarity of the fluoroscopic image was achieved by the use of a shutter mechanism which delimited the field size to include only the primary area of interest. In each of the four views mentioned above, one should readjust the exposure factors and shutter size briefly in order to see the calcific vessels to better advantage.
Detailed knowledge of the coronary anatomy and relationships to adjacent cardiovascular, pulmonary, and mediastinal structures aids in differentiation of coronarv calcification from calcified deposits in the mitral valve leaflets, mitral valve anulus, aortic valve, ascending aorta, pericardium, left ventricular aneurysm, lymph nodes, etc.
Right and left heart catheterization, Fick cardiac output, and left ventricular cineangiography were performed. Selective coronary cinearteriography at 60 frames/sec with multiple views in single or biplane modes was performed using Judkins9 or Sones'0 techniques. A significant lesion was defined as 70% or greater stenosis in a major coronary artery or branch and was agreed upon by at least three angiographers. Significant lesions were divided into total occlusion or subtotal lesions (70-99% stenosis). Significant stenosis of the main left coronary was considered equivalent to combined stenosis of the left anterior descending and circumflex coronary arteries. All data were collected prospectively and stored in a Sigma V computer for subsequent statistical analysis.
In order to determine whether stenotic lesions occurred in the site of calcification, 40 consecutive cases with coronary calcification heavy enough to be detected during cineangiography were studied. The presence or absence of a significant coronary lesion in the exact site of calcification was recorded along with the frequency of occlusive disease in the vessels without apparent calcification.
Results
Coronary calcification was detected fluoroscopically in 154 of the 360 patients examined (43%). Among the 154 patients, 149 (97%) had significant coronary artery disease demonstrated by coronary cineangiography, while five (3%) had no significant coronary disease. Among those patients with significant coronary disease and coronary calcification, 9% had significant stenosis of one coronary artery, 25% had stenosis of two vessels, and 66% had three vessel involvement. The left anterior descending coronary artery was most frequently calcified (75% of the patients); however, the left circumflex and right coronary arteries were also frequently calcified (67% and 53% respectively). Calcification of the left main coronary was found in 4% of the cases.
The prevalence of coronary calcification generally increased with age ( fig. 1 ). This trend was more clearcut for males. However, there was no significant difference in the prevalence of calcification in males or females either subdivided by decade or comparing the entire group. The prevalence of coronary calcification was related to the severity of angiographically demonstrable coronary disease, increasing from 5% in patients without significant coronary stenosis to 66% in patients with three vessel occlusive coronary disease ( fig. 2 ). Among the entire population of 267 patients having significant coronary disease angiographically, 149 (56%) had coronary calcification demonstrable by fluoroscopy.
The 154 patients with coronary calcification were subdivided into three groups based on the extent of The frequency of coronary calcification in patients with significant coronary artery disease separated into age and sex groups. None of above differences was statistically significant, either subdivided by decade or comparing the entire group (males versus females In a study reported by Oliver et al.,' 250 patients with ischemic heart disease had a 46% frequency of coronary calcification compared with 24% of the control group (250 patients matched for age and sex). McGuire et al.8 described 544 consecutive patients examined fluoroscopically for noncardiovascular conditions. The over-all frequency of coronary calcification was 20% and the symptoms of ischemic heart disease were twice as prevalent compared to a control group. In a series of 200 human hearts obtained at random from autopsies on patients 30 years or older, postmortem roentgenograms revealed coronary calcification in 69% of the hearts.2 These differences may be related to the more optimal radiographic technique that one may employ for the postmortem specimen. Eight postmortem hearts from patients in the present series were studied similarly, and all of the coronary artery calcifications identified at fluoroscopy were seen on the postmortem X-rays. There were additional smaller areas of calcification visualized only on the latter study which used 25-28 kV, 3 mA, and a 3 min exposure time.
Although tomography, cinematography, and fluoroscopic spot filming can all register the relatively large calcifications in the coronary arteries, the simplest and the most sensitive test seems to be a properly executed fluoroscopy aided by image intensification and videotape recording.
Demonstration of coronary artery calcifications in the conventional PA and lateral radiograph is difficult unless the calcium deposits are exceptionally heavy. Radiographic examination in multiple views (e.g., four views cardiac series) improves the prospect of detecting calcium in the coronary. arteries. Tomography and fluoroscopic spot filming are not very useful because the relatively long exposure usually fails to catch swiftly moving small images.
The fluoroscopy in this series was performed by a highly trained radiologist, and the time required for the examination was minimal. Fluoroscopy can be performed in outpatients, is painless, without risk, and requires only moderately sophisticated equipment. In terms of practicality, the authors suggest that radiologists performing upper gastrointestinal series might examine the heart fluoroscopically before or after examination of the esophagus and proximal intestine. This concept may be particularly applicable to multiphasic screening examinations which include radiographic examinations of the GI tract.
Several studies have demonstrated an increasing prevalence of coronary calcification with age,'-8 and the importance of a finding of coronary calcification in younger patients has been emphasized."`Data from the present study reveals a general increase in the frequency of coronary calcification with age, which is not as impressive for females as it is for males. There was no age predilection among the false positive patients, although there were no false positives among the 16 patients with calcification below age 44. None of these age differences were statistically significant and probably reflects the well-known tendency for coronary atherosclerosis to increase both in frequency and severity with increasing age.
The data published by Lieber3 revealed that coronary calcification demonstrated by cinefluorography had a much more direct relationship between signs and symptoms of ischemic heart disease when multiple coronary arteries were calcified. Approximately two-thirds of the patients in the present study had multiple vessel calcification. The frequency of false positives was much lower in this group as was the occurrence of single vessel disease. The found in the proximal vessels rather than the more distal coronary segments in which bypass grafts are more likely to be inserted. The short-term prognosis of coronary calcification was also examined in the 127 patients who were followed at least six months but not operated upon. The mortality rate for the 66 patients with calcification was essentially the same at six months and one year when compared to the 61 patients without calcification (15% and 22% vs 13% and 14% respectively).
Data from the present study indicate that cardiac fluoroscopy is an important noninvasive method for the detection of significant coronary artery disease. Difficulties in detection of small flecks of calcification probably explain differences between the present study and postmortem X-ray studies of coronary calcification. The highly significant associations with coronary angiography in terms of stenosis both of the calcified vessel and of noncalcified vessels, and the low frequency of false positives imply that this procedure should be more widely utilized in the detection and evaluation of coronary atherosclerosis.
